The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. The objective of this collaborative research undertaken by UCSB and Raytheon Vision Systems, Inc. was to translate the unique, enabling principles recently learned from UCSB's analyses of the molecular mechanisms driving dynamically tunable reflectance in cephalopod skin to the development of a high-gain, dynamically tunable, polymer-based IR filter. Based on a revolutionary but simple new "bio-inspired" design, our prototype devices are lightweight and silent; they require low power and are manufacturable at low-cost. The filters we are developing 
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TECHNICAL REPORT:
In our recently completed Seedling project, DARPA Seedling 55322-PH-DRP, "BioInspired Dynamically Tunable Polymer-Based Filters for Multispectral IR," we investigated aspects of electrochromics, electrostrictives, and bulk heterostructures. In our recent publication (Holt et. al., 2010) we describe our progress regarding higher-level device design metrics and measurements, materials characterization, and work products related to our efforts. We summarize our objectives, potential benefit to the Army, collaboration and accomplishments below: Figure 1 . Schematic illustrating the proposed translation of recently discovered biophotonic mechanisms to enable development of a novel polymer-based, electrically tunable filter for multispectral IR detection.
Objective:
Our objective was to translate the unique, enabling principles recently learned from UCSB's analyses of the molecular mechanisms driving the dynamically tunable reflectance in cephalopod skin to the development of a high-gain, dynamically tunable, polymer-based IR filter.
Unique Advantages for Military and Civilian Applications:
Based on a revolutionary but simple new "bio-inspired" design, we proposed to make these dynamically tunable IR filters uniquely high-gain, lightweight, low power and low-cost. The filters we are developing are comprised of two lightweight polymers in a nanostructured film that synergistically interact with one another in response to an applied electric field to modify both their refractive index and thickness, thus providing an exponential change in wavelength transmission in response to small changes in applied voltage. In contrast, present systems for tuning in the IR are heavy, slow, mechanical and costly to manufacture; they also consume high power loads. Even the next generation of MEMS-driven Fabry-Perot filters is mechanically vulnerable, expensive and bulky in comparison to the thin-film polymer system we envision depositing directly on the focal plane array. Pixelation (the next step beyond the first proof-of-principle proposed here) will provide multidimensional imaging capability.
In addition to the numerous military applications of the new capability we proposed, firefighters, rescue workers, urban and agricultural planners, land-use and water resource managers and medical diagnosticians all will benefit from the proposed advance in multispectral infrared imaging capability.
Close Collaboration Between UCSB and Raytheon Using Innovative Bio-Inspired Approach:
Our closely collaborative team of UCSB and Raytheon researchers has been working together for the past two years to translate the unique enabling principles recently learned from UCSB's discoveries of the molecular mechanisms driving the dynamically tunable reflectance in cephalopod skin to the development of an electrically tunable, polymer-based infrared multispectral filter as illustrated schematically in figure 1, above. We propose here an innovative approach to combine elements of electrostrictive and electrochromic materials to form a bulk heterostructure device.
The overall technical approach is to build a lightweight, tunable filter beginning with a single organic polymeric layer that can change thickness and a single layer that can change refractive index. By combining these layers into one device that is capable of changing both thickness and refractive index (as the protein-based intracellular Bragg reflectors in cephalopods do), a multi-layer device can be constructed to tune reflection/transmission across the near infrared (NIR). The synergistic effects of electrostriction and electrochromicity are proposed to provide a high-gain tuning of wavelength with low power consumption. This approach is "biologically inspired," as it is derived from our discovery that the dynamically tunable biophotonic structural colors in the squid skin are produced by the synergistic and simultaneous interaction of changes in the refractive index, thickness and spacing of protein-based Bragg reflectors in the squid skin (cf. our publications: Izumi et al., 2010; Tao et al., 2010, refs. 1 & 2). We therefore are aiming at a "translation" of this lesson based on the synergistic interaction of polymer thin-films that will produce both changes in refractive index and thickness to yield a synergistically high-gain tunable optical response to low-voltage electrical activation.
Electrochromics:
Early in the project, it became clear that when conjugated polymer electrochromics were subjected to bias, the change in the imaginary part of their refractive index overshadowed the change in the real part leading to high optical absorption. This finding indicated that the current electrochromic materials were not suitable for a tunable filter but rather a shutter. Due to this intriguing find, the project's focus shifted towards improving the shutter device. This exercise served as an important stepping-stone in moving towards a tunable spectral filter by demonstrating that, in order to achieve success with electrochromics, a new generation of conjugated polymers was needed.
Higher-Level Device Design (Electrochromic-Based IR Shutter):
The first initiative in the device design work consisted of determining a standard device structure, consisting of the following layers of material (Holt et al., 2010) : Substrate/ITO/P3HT/Electrolyte/ITO/Substrate. Once this "standard" structure was fully characterized, the work shifted to modifying the structural layers and materials in order to improve device performance. The standard structure exhibited good near IR (NIR) transmission (>95%) in the off state, while suppressing transmission to 5-10% in the on state. The on/off switch time of the standards structure, however, was initially very slow, 45s on and 160 s off. Through structural and material modifications, we were able to significantly improve switch speed and decrease transition period, down to 0.4 s on and 0.8 s off. 
Electrostrictives:
To further improve device performance, we began investigating polymeric materials that are able to change physical thickness for use in filtering applications. Two primary types of electroactive polymers (EAPs) were investigated: 1) field-activated EAPs and 2) ionic EAPs. Examples of field activated EAPs include: dielectric elastomers, ferroelectric polymers (i.e. PVDF), electrostrictive graft elastomers, and liquid crystal elastomers. Examples of Ionic EAPs include: ionic polymer gels, ionomeric polymer-metal composites (IPMCs), conducting polymers, and single and multi-wall carbon nanotubes. During the Seedling execution we conducted an extensive literature review, ordered and began characterizing some of the materials. Using a modified Conductance-AFM, we measured the optimum change in thickness of the best electrostrictive polymer found thus far to be 300% at 12 volts activation..
Combining Electrochromics and Electrostrictives:
Inspired by our recent discoveries of the mechanism underlying the dynamically tunable biophotonic system in the squid, in which we discovered that the observed high gain color change is driven by the synergistic interaction of a simultaneous change in refractive index, thickness and spacing of the responsible Bragg reflectors, we are seeking a similar advantage in the synthetic system. A number of methods for achieving a material that changes both refractive index and thickness were investigated, including bulk heterostructure polymers and multi-region polymers constructed by dip-coating polystyrene balls or infilling defined regions with balls-insolution and allowing solution to drain via specially constructed photo-resist channels. Efforts for combining electrostrictive and electrochromic materials showed promising progress, but without further material development of the electrostrictive materials themselves, this effort cannot achieve its target metrics. Additional support from DARPA is being sought at this time to enable the necessary further investigations.
